Citrate synthase catalyses the initial reaction of the citric acid cycle and can therefore be considered as the rate-controlling enzyme for the entry of substrates into the cycle. In Corynebacterium glutamicum, the specific activity of citrate synthase was found to be independent of the growth substrate and of the growth phase. The enzyme was not affected by NADH or 2-oxoglutarate and was only weakly inhibited by ATP (apparent Ki = 10 mM). These results suggest that in C. glutamicum neither the formation nor the activity of citrate synthase is subject to significant regulation. The citrate synthase gene, gltA, was isolated, subcloned on plasmid pJCl and introduced into C. glutamicum.
INTRODUCTION
Corynebacterizlm glzitamiczlm is an aerobic, Gram-positive organism which is widely used in the industrial production of amino acids, e.g. L-glutamate and L-lysine (Liebl, 1991) . During recent years, considerable progress has been made in the development of genetic techniques for this organism (Martin, 1989; Schwarzer & Piihler, 1991) and this has allowed the study of the structure, organization, expression and regulation of C. glutamiczlm 1 ml saturated NaCl (-6 M), shaking slightly for 2 min and centrifugation for 15 min at 13000g, the DNA in the supernatant was ethanol-precipitated and resuspended in 200 p1 TE.
Plasmids from E. coli were isolated as described by Birnboim (1983) , and those from C. glutamicum were isolated by the same method with prior incubation (1 h, 37 "C) of the cells with lysozyme (15 mg ml-'). E. coli was transformed by the CaC1, method (Sambrook e t a/., 1989). C. glutamicum was transformed by electroporation as described by Liebl e t al. (1989) . Conjugation between E. coli S17-1 and C. glutamictlm was performed as described by Schafer et al. (1990) and transconjugants were selected on LB agar plates containing kanamycin (25 pg ml-') and nalidixic acid (50 pg ml-').
DNA manipulations. Restriction enzymes, T4 DNA ligase, Klenow polymerase, calf intestine phosphatase, proteinase K, DNase I (RNase-free) and RNase A were obtained from Boehringer Mannheim and used as specified by the manufacturer.
For DNA hybridization, 10 pg SaA-HindIII-restricted chromosomal DNA from C. gltltamicum wild-type (WT) was sizefractionated on 0.8 Yo agarose gels and transferred onto a nylon membrane Nytran 13 (Schleicher und Schull) by vacuumsupported diffusion using the VacuGene system from Pharmacia. A 1.85 kb SalZ-XhoI fragment from plasmid pKK3-1 was labelled with digoxigenin-dUTP and used as a probe. Blotting, labelling, hybridization, washing, detection and size determination were performed using the non-radioactive ' DNA Labeling and Detection Kit' and the instructions from Boehringer Mannheim.
For sequencing, the Sall-Hind111 fragment was cloned in either orientation into plasmid pUCl8 and progressive unidirectional deletions of the inserted DNA were made using the Erase-a-Base system from Promega. Appropriate subclones were sequenced by the dideoxy chain-termination method (Sanger et al., 1977) using the T7 sequencing kit, fluorescence-labelled primers and the A.L.F. sequencer from Pharmacia. The sequence data were compiled and analysed on an IBM PC using the sequence analysis program Microgenie from Beckmann. RNA analysis. Total RNA from C. glutamicum was isolated as previously described by Bormann et al. (1992) except that the phenol extraction temperature was 65 "C. The RNA concentration was determined by measuring the A,,,.
For Northern (RNA) hybridization, a gltA-antisense RNA probe was prepared as follows. The 1.15 kb Bcll-NruI fragment (see Fig. 1 ) was isolated from plasmid pKK3-1 and ligated into BamHI-SmaI-restricted plasmid pGEM-32. After linearization with HindIII, digoxigenin-dUTP-labelled RNA was synthesized using T7 RNA polymerase and the 'RNA Labeling Kit (SP6/T7) ' from Boehringer Mannheim. For hybridization, 10 pg total RNA from C. gltltamicum W T was incubated with 1 U DNase I (10 min at 37 "C), mixed with loading dye (Sambrook etal., 1989) , heated for 5 min at 95 "C, cooled in icewater and loaded on an agarose gel containing 17% (v/v) formaldehyde. The separated RNA was transferred onto a nylon membrane as described for DNA blotting (see above). Hybridization to the gltA antisense RNA probe (at 44 "C, in the presence of 50 %, v/v, formamide), washing and detection were performed using the ' Nucleic Acid Detection Kit' and the instructions from Boehringer Mannheim. The size marker was the 0.24-9.5 kb RNA ladder from Gibco-BRL.
For the ribonuclease protection assay, the 0.5 kb BgA-Bcll fragment (see Fig. 1 ) was isolated from plasmid pKK3-1 (the BgA site being blunt-ended by treatment with Klenow polymerase before restriction with BcA) and ligated into (1992) .
For the primer extension experiments, 30 pg vacuum-dried RNA was dissolved in 100 pl 40 mM PIPES buffer, pH 6.4, containing 1 mM EDTA, 0.4 M NaCl and 80% (v/v) formamide. After adding 10 pmoles primer (5'-TTATCAGTAGC-CACG ATATC-3', complementary to the sequence from position 844 to 863 in Fig. 2 and synthesized using the 'Gene Assembler Plus ' and appropriate chemicals from Pharmacia), denaturation at 95 "C (10 min) and hybridization at 52 "C (8 h), the mixture was ethanol-precipitated ( -20 "C), washed once with 70% (v/v) ethanol and vacuum-dried. The pellet was dissolved in 20 p1 50 mM Tris/HCl buffer (pH 7.6) containing 60mM KC1, 1 0 m M MgCl,, 250pM dCTP, 250pM dGTP, 250 pM dTTP, 2.5pM dATP and 4 0 U RNasin (Promega). Then 30 pCi (1.1 MBq) [35S]dATPaS and 5 U avian myeloblastosis virus (AMV) reverse transcriptase (Promega) were added and after incubation for 2 h at 42 "C the reaction was stopped by adding 1 pl0-5 M EDTA (pH 8). Subsequently, the RNA was removed by incubation with RNase A (addition of 1 p1 o f a 1 pg ml-' solution) for 30 min at 37 "C. After ethanol precipitation and drying under vacuum, the primer extension product was dissolved in 3 pl TE plus 3 pl formamide buffer (80°/0 formamide, 10 mM EDTA, 0.1 % xylene cyanole, 0.1 ' 36 bromphenol blue) and 2 pl of this mixture was loaded onto a 6 YO (w/v) polyacrylamide sequencing gel. For exact localization of the transcriptional start site, sequencing reactions using plasmid pKK3-1 and the same oligonucleotide used for the primer extensions were co-electrophoresed.
Enzyme assay.
To determine the citrate synthase activity, cells were grown in 60 ml medium in baffled 500 ml Erlenmeyer flasks to the exponential growth phase, washed twice in 25 ml Tris buffer (50 mM, pH 7.5) containing 200 mM sodium glutamate and resuspended in 2 ml of the same buffer. Cells were disrupted by sonication as described (Eikmanns, 1992) . After centrifugation for 30 min at 13000g, the supernatant was used for the assays. Citrate synthase was assayed spectrophotometrically at 412 nm and 30 "C as described by Srere (1969) except that the assay contained 200 mM sodium glutamate. The protein concentration was determined by the method of Bradford (1976) using egg albumin as the standard.
RESULTS AND DISCUSSION

Citrate synthase activity in C. glutarnicurn
Citrate synthase activity was determined i n C. gltltamiczlm WT after g r o w t h on LB medium with a n d without glucose (2 %, w/v) a n d on minimal medium containing glucose (4 %, w/v), acetate (2 %, w/v), lactate (2 O / o , w/v) or glutamate (2%, w/v) as carbon source. The specific activity o f the enzyme was in all cases between 0.5 and 0-8 pmol min-' (mg protein)-' a n d it was thus independent o f the g r o w t h substrate. When the cells were harvested at the early, mid o r late exponential phase or at the stationary g r o w t h phase, the specific citrate synthase activity was also identical. These results indicate that g l t A expression is constitutive a n d not regulated at the , 1966; Flechtner & Hanson, 1969; Wilde & Guest, 1986) .
Characterization of the citrate synthase activity in cell-free extracts of C. glutamicum W T revealed apparent K , values of 1.5 pM for oxaloacetate and 51 pM for acetyl-CoA. The enzyme was weakly inhibited by ATP (apparent Ki = 10 mM) and cis-aconitate (apparent K, = 15 mM).
No effect was observed with NADH, NAD, NADPH, NADP, ADP, AMP or with any intermediate of the citric acid cycle, except cis-aconitate. These data are in accordance with previously described data obtained with the partially purified citrate synthase of C. glutamicum ssp.
Javum (Shiio et al., 1977) and suggest that the citrate synthases of both C. glutamicum W T and ssp. Javum are identical.
Isolation of the C. glutamicum gltA gene
The C. glutamicum gltA gene encoding citrate synthase was isolated by heterologous complementation of the E. coligltA mutant W620 using a C. glutamicum W T cosmid gene library based on vector pHC79. Pooled recombinant cosmids were transformed into E. coli W620 and approximately 4000 transformants were obtained. They were screened for complementation of the gltA marker by replica-plating onto glucose minimal medium. Seven transformants showed a gltA+ phenotype, i.e. they grew in the absence of glutamate. Restriction analysis of the respective recombinant cosmids revealed a common 7.4 kb BamHI fragment. This fragment was isolated from cosmid cos-pKK3 and ligated into the BamHI-restricted plasmid pBR322, resulting in plasmid pKK3-1. Transformation of this plasmid into E. coli W620 resulted in a gltA+ phenotype of all transformants, suggesting that the 7.4 kb BamHI fragment in fact contains the C. glutamicum gltA gene. The restriction map of the 7-4 kb BamHI fragment is shown in Fig. 1 .
In order to localize the gltA-complementing region more precisely within the 7.4 kb fragment, several smaller fragments were ligated in plasmid pUC18 and tested for complementation ability. A plasmid containing the 3.0 kb Salt-Hind111 fragment (see Fig. 1 ) was able to complement the gltA mutation, suggesting that the C. glutamicum gltA gene is located within this fragment.
Southern hybridization was performed to confirm that the cloned Salt-Hind111 fragment originated from C. glutamicum. Chromosomal DNA from C. glutamicum W T was digested with Salt and HindIII, size-fractionated and transferred onto a nylon membrane. A digoxigenin-dUTP-labelled 1-85 kb Salt-XhoI fragment isolated from pKK3-1 was used as a probe. This fragment hybridized specifically to a chromosomal DNA fragment of 3.0 kb (not shown). This result confirmed that the cloned gltAcomplementing fragment originates from C. glutamiczrm and that it corresponds to a fragment within the genome with no detectable structural alterations.
Expression of the cloned gltA gene
For homologous expression of the g l t A gene in C.
glutamicum, both the 7.4 kb BamHI and the 3.0 kb SalI-Hind111 fragments were ligated in both orientations into the C.glutamicum-E. coli shuttle vector p JCl resulting in plasmids p JC-gltA7A, p JC-gltA7B, p JC-gltA3A and p JC-gltA3B, respectively. These vectors were introduced into C. glutamicum W T and the citrate synthase activities of the transformants and of the parental strain were determined ( Table 2) . The recombinant C. glzrtamicum strains showed six-to eightfold higher specific activity compared with the host strain. These results prove that the isolated fragments contain the functional gltA gene and indicate the presence of a promoter in front of this gene. It is noteworthy that the gltA-overexpressing C. glutamicum strains showed slower growth on all media tested (e.g. on LB medium a doubling time of 120 min instead of 80 min) indicating a slight impairment of the cells by the enhanced level of citrate synthase.
Citrate synthase activity was also determined in E. coli W620 carrying cos-pKK and pKK3-1, respectively. As shown in Table 2 , distinct activity was present in these (2) 9.6+0*7 (2) 0.02 + 0.00 (2) * Values in parentheses are the total number of experiments.
t Isopropyl-B-D-thiogalactopyranoside at a final concentration of 0 5 mhi was added to the growth medium 1 h before harvesting the cells.
strains. However, the relatively low specific activity of citrate synthase indicated that the corynebacterial gltA promoter only works poorly in the heterologous E. coli host. In order to test this hypothesis, we ligated thegltAcontaining fragment in both orientations into the expression vector pEKEx2 which provides the IPTGinducible tac promoter. The recombinant plasmid pEKEx2-gltA, in which the tac promoter reads from the SalI site into the fragment, conferred a strikingly high specific citrate synthase activity to E. coli DH5 when induced with IPTG (Table 2 ). This result confirms that the promoter of the C. gltltamiczlm gltA gene does not function well in E. coli and shows that the orientation of the &A gene is in the direction from the SalI to the Hind111 site.
It is well-known that C. gltltamiczlm secretes large amounts of glutamate under certain conditions (Liebl, 1991) . T o test the effect of increased citrate synthase activity on glutamate secretion, standard glutamate fermentations (Hoischen & Kramer, 1989) were performed with C.
gltltamicum W T and WT(p JC-gltA3A). In these experiments identical glutamate secretion rates of about 17 pmol min-' (g dry weight)-' were found for both strains. Thus, the capacity of C. gltltamictlm to secrete glutamate cannot be enhanced by simply elevating the citrate synthase enzyme level. This finding, together with the observation that citrate synthase in C. gltltamiczlm is highly active, constitutively formed and subject to only weak regulation (see above), indicates that (i) the chromosomally encoded citrate synthase activity is sufficient for glutamate production by this organism and (ii) a factor other than citrate synthase limits the rate of carbon flow into the citric acid cycle.
DNA sequence analysis of the gltA gene
The DNA sequence of the 3007 bp SaA-Hind111 fragment was determined from both strands by the dideoxy chaintermination method using the strategy depicted in Fig. 1 . The nucleotide sequence obtained and the deduced amino acid sequence of the C. gltltamicum citrate synthase are shown in Fig. 2 .
One major open reading frame (ORF) was found extending from nucleotide 805 to 2142 of the SalI-Hind111 fragment. No other ORF of significant size or codon bias was found in either orientation. The predicted translational initiation site at nucleotide 832 is the first ATG within the ORF. Alternatively, the in-frame G T G codon at position 850 might be the translational start site. All other potential translational start codons are located downstream of regions within the amino acid sequence which show significant identity to gltA gene products from one or several other organisms (see below). These sites are therefore unlikely candidates. Assuming initiation at ATG,,,, the C. gltltamiczim gltA gene product consists of 437 amino acids with an Mr of 48 936, which is in good agreement with the M, values of purified citrate synthase monomers from other organisms ( M , about 48000) (Weitzman, 1981) . However, the monomers from Bacillz4.r megaterizlm and Bacilh sp. C4 have been reported to be significantly smaller, with Mr values of 40300 and 42000, respectively (Robinson et al., 1983 ; Schendel e t al., 1992) .
Downstream of thegltA gene, at positions 2172-2220 in Fig. 2 , a palindromic structure followed by a stretch of T residues was found, which is a typical feature of rhoindependent transcription terminators in E. coli (Rosenberg & Court, 1979) . Calculated according to the rules of Tinoco e t al. (1973) , the mRNA stem-loop predicted from this sequence has a AG (25 "C) of -24-4 kcal mol-' (102.1 kJ mol-'). This result indicates transcriptional termination downstream of the gltA gene.
The codon usage in the C. gltltamiczlmgltA gene is given in Table 3 . Twelve codons are heavily favoured, i.e. CTG (L), ATC (I), TCC (S), CCA (P), ACC (T), TAC (Y), CAC (H), CAG (Q), AAC (N), AAG (K), G A G (E) and CGC (R). All but one (CCA for P) have a C or a G in the wobble position reflecting the high G + C content (57 "0) of C.
gltltamictlm (Liebl, 1991) . Fourteen codons, with two exceptions having an A or T in the wobble position, are not used at all. This shows the highly biased codon usage in the gltA gene. When comparing this codon usage profile with that in other C. gltltamiczlm genes it is obvious that the codon preference in the gltA gene perfectly matches the preference pattern recently compiled for highly expressed genes of C. gltltamictlm (Eikmanns, 1992) .
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Inactivation of the chromosomal gltA gene
The chromosomal gltA gene of C. glzrtamicum W T was disrupted by gene-directed mutagenesis (Schwarzer & Puhler, 1991) . For this purpose, a 0.54 kb internal PvzrII-No1 fragment was inserted into the mobilizable E. coli vector pSUP301, which is nonreplicative in C. glzrtamiczrm. The resulting plasmid, pSUP-gltAint, was introduced into C. glzrtamiczrm W T via conjugation from E. coli S17-1 and 70 transconjugants were obtained by selection on medium containing kanamycin. Kanamycin resistance indicated integration of pSUP-gltAint into the chromosomal gltA gene via recombination between the plasmjd-borne gltA fragment and the respective region on the C, glzrtamiczrm chromosome. DNA from six transcon jugants was analysed by agarose gel electrophoresis, confirming the absence of autonomous plasmids.
The transconjugant C. glzrtamicum WTgltA : : pSUP-gltAint was then tested for its ability to grow on different media and for citrate synthase activity. Whereas the growth of the cells on complex medium was only slightly slower than that of the parental strain (doubling times of 100 and 80 min, respectively) the transconjugant showed no growth on solid and liquid minimal medium unless supplemented with citrate (5 mM) or glutamate (5 mM).
In accordance with this finding, C. glzrtamicum WTgltA : : pSUP-gltAint was devoid of any detectable citrate synthase activity (Table 2 ). These results verify that the gltA gene in the transconjugants is inactivated.
The consequences ofgltA disruption in C. gltltamiczrm WT (citrate/glutamate auxotrophy and lack of citrate synthase activity) and the fact that we observed only one signal on hybridization to the gltA probe (see above) strongly suggest that C. glzrtamiczrm W T only possesses one citrate synthase. In contrast, several species of Psezrdomonas were reported to possess two forms of citrate synthase (Mitchell & Weitzman, 1986) . In E. coli (in a revertant of a citratesynthase-deficient strain), Patton e t al.
(1 993) also recently found a citrate synthase which shows altered kinetic, regulatory and structural properties when compared to the hitherto known enzyme of this organism. In this respect it is noteworthy that, in contrast to E. coli and many other organisms, up to now no isoenzymes have been found in C. glzrtamiczrm. 
Comparison of deduced citrate synthase amino acid sequence from C. glutamicum with those of other organisms
The deduced amino acid sequence of the C. glutamicum g l t A gene product was aligned with the citrate synthase sequences of other organisms (Fig. 3) . Examples of Gramnegative prokaryotes with hexameric (E. coli and Pseudomorjas aeruginosa) and dimeric (Rickettsia prowaxakiz) enzymes, of a Gram-positive prokaryote ( B a c i l h sp. C4) and of a eukaryotic (pig) were chosen. To maximize similarity several gaps were introduced into the sequences.
Surprisingly, the C. glutamicum citrate synthase showed the highest degree of identity (48-50 YO) to the respective enzymes from Gram-negative organisms (Fig. 3) . This was substantiated by comparison with citrate synthases from two further Gram-negative organisms, Coxielh burnetii (Heinzen et al., 1991) and Acinetobacter anitratmi (Donald & Duckworth, 1987) , which showed 45.8 and 49.7 % identity, respectively. In contrast, the C. glutamiczmnr citrate synthase shared only 27 Yo identity with that from the Gram-positive Bacillus and 33 YO with that of pig. The identity to the archaeobacterial enzyme from Thermoplasma acidophilum (Sutherland e t al., 1990 ) and the yeast enzyme (Suissa e t al., 1984) was also only 33 and 29 YO, respectively. The high identity of the C. glutamicum citrate synthase with that of the Gram-negative organisms was unexpected since (i) other catabolic C. glutamicum enzymes, e.g. the glyceraldehyde-3-phosphate dehydrogenase, 3-phosphoglycerate kinase or triosephosphate isomerase, have been shown to have a much higher degree of identity to the respective enzymes from bacilli (up to 62 YO) and also to those of several eukaryotes (up to 52 YO) (Eikmanns, 1992) and (ii) the regulatory properties of the C. gltltamicum enzyme suggested greater similarity to the Gram-positive and eukaryotic counterparts.
The alignments of the citrate synthase amino acid sequences showed approximately seven highly conserved regions probably involved in catalytic function. These regions contain all residues (except R,,, and R,,, which have no counterpart in any bacterial citrate synthase) shown to participate in the catalytic mechanism of the pig enzyme ( Fig. 3 . Comparison o f the predicted amino acid sequence of the C. glutamicum (C, glut.) citrate synthase with sequences of citrate synthases from E. coli (Ner et a/., 1983; Bhayana & Duckworth, 1984) , P. aeruginosa (Pa aer.) (Donald et a/., 1989) , R. prowazakii (R. prow.) (Wood et a/., 1987) , Bacillus sp. C4 (B. sp. C4) (Schendel et a/., 1992) and pig (Bloxham et a/., 1982) . The percentages at the end o f the sequences indicate degrees o f identity t o the C. glutamicum citrate synthase. Asterisks mark identical amino acid residues in five out of six citrate synthases tested; solid black squares indicate identical amino acids in all six citrate synthases shown here and, additionally, in the enzymes from C. burnetii (Heinzen et a/., 1991), A. anitratum (Donald & Duckworth, 1987) , T. acidophilum (Sutherland et a/., 1990) and yeast (Suissa et a/., 1984) .
1986 ; Alter et al., 1990) and/or of the E. coli enzyme (Man F,,?, R,,, and R418 in the C. gltltamicztm sequence. The c 2 0 6 residue of the E. colicitrate synthase shown to be involved in the allosteric inhibition by NADH (Donald etal., 1991) is replaced by T in the C. gltrtamictlm and B a c i l h sp. C4
sequence. This is in accordance with the fact that the citrate synthase of both organisms is insensitive to NADH (Schendel e t al., 1992; this work) . Interestingly, the alignment revealed some further residues (S243, S252 and T,,,,) which are conserved in all known citrate synthases (including those not shown in Fig. 3 ) and are not in close proximity to the functionally important residues mentioned above. It is tempting to speculate that they are also et 1991), i*e* H235, H238> H2,3, H316, K320, R325, D372, critical to the structural, catalytic and/or regulatory properties of citrate synthase.
Transcriptional analysis of the gltA gene
To analyse the size of the gltA transcript, Northern (RNA) hybridization experiments were performed. For this purpose, total RNA from C. gltltamictlm W T was isolated, size-fractionated, transferred onto a nylon membrane and hybridized to agltA-specific digoxigenin-UTPlabelled RNA probe. This antisense RNA probe was synthesized by in vitro transcription of the 1.15 kb NrtlI-BclI fragment (anticlockwise in Fig. 1 ) cloned downstream of the T7 promoter of vector pGEM-32. Fig. 4 . Northern hybridization analysis of the C. glutamicum glt4 gene. Total RNA from C. glutamicum WT was sizefractionated and probed with a digoxigenin-labelled gltA-specific antisense RNA probe. RNA standards are shown on the left.
Fig. 5.
Primer extension analysis of the transcriptional start site in front of the gltA gene. The primer extension products from C. glutamicum WT and from the gltA overexpresser C. glutamicum WT(pJC-gItA3A) are shown in lanes 1 and 2, respectively. A control reaction with total RNA from C. glutamicum WT without primer is shown in lane 3. Lanes A, C, G and T represent the products of sequencing reactions using the same primer used for the primer extension and plasmid pKK3-1. The relevant DNA sequence is shown on the right. Note that the sequence represents the coding strand and is thus complementary to that shown in Fig. 2 .
The hybridization revealed a signal at 1-45 kb (Fig. 4) indicating that the C. glutamicum gltA gene is monocistronic. Thus, the situation is similar to that in E. coli, in which thegltA gene was also shown to be monocistronjc (Wilde & Guest, 1986) .
In order to identify the transcriptional start site in front of gltA, an RNAse protection assay was performed with 15 pg total RNA isolated from C. glutamicum WT and
["S]CTPorS-labelled antisense RNA derived from the 0.5 kb BgA-BcA fragment at the 5' end of gltA (Fig. 1) . This probe was synthesized with SP6 RNA polymerase after cloning of the fragment into pGEM-32. The signal obtained was in the size range of 265 bp and corresponded approximately to the region at nucleotides 71 1-715 in Fig.  2 . Since the signal did not allow precise assignment to a specific nucleotide, primer extension experiments with AMV reverse transcriptase and [35S]dATPctS were performed. Using an oligonucleotide primer covering the codons 5-11 (nucleotides 863-844 in Fig. 2 ) and 30 pg total RNA from C. glutamicum W T or from C. glutamicum WT(p JC-gltA3A) signals were obtained which correspond to the G,,, residue in Fig. 2 (Fig. 5, lanes 1 and 2, respectively). With the RNA of the gltA-overexpressing strain we additionally observed a second less pronounced signal one nucleotide downstream (G,,, in Fig. 2 ) and some faint bands which we consider to be negligible (Fig.  4, lane 2) . These results show that transcription of the C. gltltamicum gltA gene starts 121 and 120 nucleotides upstream of the presumed gltA translational start. The distance from this transcriptional start site to the assumed terminator structure downstream of the gltA gene is 1.5 kb, which is in good agreement with the transcript size determined by Northern blot hybridization (see above).
Recent alignment of the DNA regions upstream of seven experimentally determined transcriptional start sites from C. glutamicum genes (Schwinde e t al., 1993) revealed in five cases a 6 bp motif with similarity to typical ' -10' regions (TATAAT) of E. coli a70 (Hawley & McClure, 1983) or B. st/btilis a43 (Moran e t al., 1982) promoter consensus sequences. A similar motif (TATAGC) was also found upstream of thegltA transcriptional start (Fig. 2) . As in the case of several of the corynebacterial promoter regions, no sequence motif with similarity to the '-35' consensus sequence (TTGACA) was found at a proper distance from thegltA transcriptional start. The lack of a typical ' -35' consensus sequence might be one reason for the weak expression of the C. glzltamiczlmgltA gene from plasmids cos-pKI< and pKK3-1 in E. coli. This, together with the fact that some other C. glzltamiczlm genes were not or only very weakly expressed in E. coli, e.g. fda and thrC (von der Osten e t al., 1989; Eikmanns e t al., 1991b), corroborates the hypothesis that an RNA polymerase containing a sigma factor differing from a70 or a43 is involved in the transcription of at least some C. glzltamiczlm genes.
